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A number of different fields can be used to obtain FFF separations. In thermal field flow fractionation (ThFFF), a temperature gradient is used to drive the polymer molecules to the cold wall. This migration of compounds under the influence of a temperature gradient is called thermal diffusion. Thermal diffusion is opposed by molecular diffusion. Therefore, retention in ThFFF is determined by both the molecular and thermal diffusion coefficients. The thermal diffusion effect has been known for over a century.2 However, thermal diffusion in liquids is still a poorly understood process. As demonstrated by Schimpf and G i d d i n g~,~ none of the existing theories is able to describe thermal diffusion of polymers in solution. If ThFFF is combined with another technique for the measurement of molecular diffusion coefficients, thermal diffusion coefficients can be determined. Therefore, ThFFF is an excellent tool for the study of thermal diffusion of polymer species, and with the use of this technique, the understanding of the thermal diffusion phenomenon has increased significantly.3" Over the years, ThFFF has proven to be a valuable tool for the fractionation and analysis of synthetic polymers in various organic s~lvents.~-l~ Samples of a broad molecular mass range can effectively be analyzed by using temperature programming.13J4 Because retention is not only determined by the extent of molecular diffusion, reflecting mainly the size of the polymers, but also by the thermal diffusion coefficient, ThFFF offers unique separation possibilities compared to other polymer fractionation methods. If the difference in thermal diffusion is sufficient, it is possible to separate different polymer species that are equal in size.I5 Because thermal diffusion depends on the chemical nature of the polymer, ThFFF data contain structural and chemical information of polymer species. Very recently it has been demonstrated that ThFFF is also suitable for the separation of particles in aqueous and non-aqueous s o l u t i o n~.~~J~ However, the use of ThFFF for the analysis of water-soluble polymers has been very limited due to the fact that onlyvery few polymer species show thermal diffusion in aqueous solutions.I8
In this work the effect of the various operating parameters on the separation speed in ThFFF is investigated both experimentally and theoretically. First, the effect of the temperature gradient and the molecular mass of the polymer compounds on the separation speed in ThFFF is studied. However, in ThFFF separation speed is not solely determined by these two parameters. Because the extent of thermal diffusion depends on the chemical nature of both the polymer and the solvent, these two factors also influence the separation speed in ThFFF. Therefore, the effect of the solvent choice and the polymer type is also investigated. Finally, the possibilities of fractionating polymer species according to thermal diffusion and thus to chemical nature are demonstrated with the separation of four chemically different polymer standards of the same molecular mass. 
THEORY
In the following discussion the temperature dependence of the solvent viscosity, the solvent thermal conductivity, and the Soret coefficient is neglected. The consideration of these effects increases the complexity of the theoretical description of retention and plate height in ThFFF.lgq2O Although it is known that these temperature dependencies are often significant, we believe that the conclusions regarding selectivity and separation speed are unaffected when these effects are ignored.
The theoretical framework describing retention and plate height in FFF can be found in several papers and text b o o k~.~l -~~
The retention ratio R, defined as the ratio of the channel void volume and the retention volume of the polymer, can be expressed as
where the dimensionless parameter h is equal to the ratio of the mean layer thickness of the compressed solute zone and the channel thickness.
As X approaches zero, the term in brackets on the righthand side of eq 1 approaches 1 and R is approximately equal to 6X.* In ThFFF h is given by
where ATis the temperature drop across the channel thickness and D and & are the molecular and the thermal diffusion coefficients, respectively.
The plate height equation in FFF is given by
where (0) is the linear velocity of the carrier liquid, w is the channel thickness, and y . is a complicated function of X, which can be approximated by 24h3 as X approaches zero.24
The first term on the right-hand side of eq 3 corresponds to longitudinal diffusion and is negligible under normal working conditions.25 The second term describes zone broadening due to slow mass transfer in the presence of a velocity gradient and is often denoted as the nonequilibrium c o n t r i b u t i~n .~~ External peak broadening caused by injection and detection can usually be neglected in FFF. Consequently, the plate height is exclusively determined by the nonequilibrium contribution.
The polydispersity of polymer samples can contribute significantly to the peak width of the observed signal. However, polymer polydispersity should be considered separately from system dispersion because it directly reflects the mass selectivity of the separation method. In order to determine the mass distribution of a polymer sample from the observed fractogram, system dispersion should be negligible compared to peak broadening caused by polydispersity.26 Therefore, in the following discussion on time optimization and separation speed in ThFFF, only absolute molecular masses will be considered.
The concept of time optimization in FFF can be treated in the same way as in ~hromatography.~~ The analysis time ta, needed to separate two polymer fractions with a given resolution R,, can be expressed as
where tp is the time needed to evolve one plate, S is the mass selectivity of the separation system, and M and AM are the mean molecular mass and the difference in molecular mass of the two polymer fractions, respectively. From eq 4 it follows that ?,IS2 is a crucial parameter when the separation capacities of a fractionation method are discussed, R, and [MIAM] are parameters that define the extent of separation desired.
The The term d In R/d In h can be evaluated by use of eq 1. Schimpf and Giddings3 found that the thermal diffusion coefficient is independent of the molecular mass of the polymer. Therefore, the molecular mass will influence X only through its effect on the molecular diffusion coefficient. The empirical relationship D = AM-b is often used to describe polymer diffusion as function of the molecular mass.3 The constant b is usually in the range of 0.5-0.6 for most polymer-solvent systems. From eq 2, it can be shown that the term d In X/d In M equals b. The mass selectivity in FFF can now be found by combining eqs 1 and 5:
In the case of high retention (A -0), the term in brackets on the right-hand side of eq 6 approaches 1 and the selectivity is equal to b. However, under normal working conditions, the selectivity will be somewhat less, as demonstrated in Figure  1 . The time needed to evolve one plate is equal to the ratio of the plate height and the mean velocity of the solute zone. Therefore, when the plate height is determined by the nonequilibrium term, tp/S2 in ThFFF can be expressed as Note that the flow rate of the carrier liquid has no effect on the separation speed, a situation similar to chromatographic optimization under conditions where the C term in the plate height equation predominates. For minimum analysis time (i.e., maximum separation speed), t,/S2 should be as small as possible. The term in brackets in eq 7 is only a function of A and, as is demonstrated in Figure 2 , approaches zero when X approaches zero. As stated by Giddings et al.,27 an increase in separation speed can be expected with decreasing channel thickness and increasing temperaturedrop. Equation 7 clearly demonstrates that a gain in separation speed is obtained with decreasing channel thickness. Since the parameter X is not a function of the channel thickness, a change in w does not lead to a change in the retention ratio.28 Therefore, the channel thickness can be regarded as an independent parameter. With the use of eq 2, the effect of the temperature drop on the separation speed can be clarified. An increase in AT will result in a decreasing X value. Therefore, an increase in the temperature drop will decrease the term in brackets in eq 7 and will thus decrease the analysis time. In sharp contrast to the channel thickness, the diffusion coefficient (or rather the mean diffusion coefficient of the two polymer fractions) cannot be seen as an independent parameter. From eq 2 it follows that the diffusion coefficient also has an influence on the X value and, therefore, also on the A-dependent term in eq 7. On first sight, a high diffusion coefficient seems beneficial for the separation speed in ThFFF. However, high diffusion will result in a high X value and thus in low retention. The effect of the various parameters on the separation speed in ThFFF becomes much clearer when high retention (A -0) is considered. In this case, R can be expressed as 6X, x can be approximated by 24x3 and S / b is equal to 1. Using eqs 2 and 7, it can be shown that
As can be seen from eq 8, a decrease in molecular diffusion is expected to increase the separation speed in ThFFF. Since an increase in molecular mass corresponds to a decrease in the diffusion coefficient, the use of ThFFF becomes more advantageous when polymer samples of very high molecular mass are analyzed. This is an important feature of ThFFF because other polymer fractionation methods such as size exclusion chromatography (SEC) and hydrodynamic chromatography (HDC) are more suited for the analysis of polymers of lower molecular mass.29 Equation 8 also demonstrates that high thermal diffusion is needed for a rapid ThFFF analysis. As thermal diffusion depends strongly on the chemical nature of both the polymer and solvent, the polymer-solvent system will severely influence the separation speed in ThFFF. Finally, it can be seen that the analysis time is strongly decreased with an increase in AT or a decrease in w. It is noteworthy that, ultimately, only the temperature gradient is of importance for the separation speed in ThFFF.
So for a ThFFF setup with w = 50 pm and AT = 50 K, approximately the same separation speed is obtained as for a system with w = lOOpm and AT = 100 K. This is illustrated in Figure 3 .
The effects of the various parameters on the separation speed in ThFFF will be discussed in more detail in the Results and Discussion section. The effects will be demonstrated with the separation of various polymer standards under different conditions. In order to illustrate the difference in separation speed when a certain parameter value is changed, related separations were performed at constant analysis time (or rather constant run time as explained in the Results and Discussion section). Because the separation speed parameter fpplS2 is independent of the flow rate of the carrier liquid, the analysis time can be kept constant by adjusting the solvent flow. In this way, a change in separation performance caused by the variation of a system parameter is visualized by an increase or decrease of the resolution. An increase in resolution at constant analysis time corresponds to a decrease in tp/S2 or, in other words, an increase in separation speed. However, polymer standards do not represent an absolute molecular mass but rather a narrow molecular mass distribution. Therefore, it is important to assess in what way the polydispersity of the polymer standards will influence the outcome of the experimental results. When the polydispersity, p, is smaller than 1.05, which is true for the polymer standards used in this study, the apparent plate height contribution can formally be approximated by9 where L is the channel length.
If the separation of two polymer standards with Gaussian mass distributions and an identical polydispersity is considered, the observed resolution can be expressed as
The effect of the polydispersity is illustrated in Figure 4 . When system dispersion is negligible compared to peak broadening caused by polydispersity, the resolution will be determined completely by the molecular mass distribution of the two polymer standards (e.g., R, = AM/(4M(p -1)1/2)). Figure  4 demonstrates that polydispersity does not alter the trends in the observed separation speed. With increasing polydispersity, the effects of the changing parameters on the resolution will only become less visible. Nevertheless, if the results for different polymer standards have to be compared, care has to be taken. The different standards may possess different polydispersities. However, it has been shown9J0 that polymer standards usually have much lower polydispersities (typically p < 1.01) than the values specified by the manufacturers.
Furthermore, the separations were performed under medium retention conditions (typically X > 0.05). As can be seen from Figure 4 , an increase in X diminishes the influence of the polydispersity of the polymer standards on the resolution. Therefore, under these conditions, trends in the separation speed can be investigated by comparing the results for different polymer standards.
EXPERIMENTAL SECTION
Instrumentation. The TlOO thermal FFF system used in this work was obtained from FFFractionation (Salt Lake City, UT). Separations were performed by use of channels with a thickness of 127 and 254 pm. A sheet of Mylar, from which the channel space was cut, was clamped between the two chrome-plated copper bars to form the channel. The channels were 46 cm long and 1.6 cm wide. To allow a smooth fluid flow at the channel inlet and outlet, the channel ends were tapered. Void volumes of 0.76 and 1.55 mL were measured for the two channels with thicknesses of 127 and 254 pm, respectively. To avoid peak broadening due to insufficient relaxation, the solvent flow was stopped for 2 min after injection. For the experiments performed with the 254-pmthick channel, a relaxation time of 5 min was used. Various temperature drops, ranging from 20 to 80 K, were used in this work. The temperature drops and corresponding cold wall temperatures arespecified in the legends of the Figures. Solvent flow was provided by a Spectroflow 400 HPLC pump (ABI, Ramsey, NJ). All organic solvents were continuously degassed with helium. Pulsation of the solvent flow was minimized by means of a pulse damper (Model 8 12, Tegimenta, Rotkreuz, Switzerland) and a small column packed with silica particles, which served as a flow restrictor. A six-port valve with an injection loop of 20 p L was used to introduce the sample solutions in the channel. Polymer concentrations, which never exceeded 1 mg/mL, are specified in the legends of the Figures. The eluting polymer zones were detected by a Varex evaporative light scattering detector (ELSD) (Model 2A, Burtonsville, MD). A fused silica capillary with 100-pm i.d., 360-pm o.d., and a length of 1 m was used to connect the outlet of the channel to the detector. This setup ensured a small dead volume (0.008 mL) and a sufficiently large back pressure to increase the boiling points of the organic solvents in the channel. When a channel with a thickness of 254 pm was used, a capillary length of only 50 cm was chosen due to the high flow rates used in this case.
Materials. All solvents were of analytical-reagent grade. Tetrahydrofuran (THF) was obtained from Janssen Chimica (Geel, Belgium), and benzene from Baker (Deventer, The Netherlands); methyl ethyl ketone (MEK) and dioxane were from Merck (Darmstadt, Germany). The polymer standards used in this work are listed in Table 1 .
RESULTS AND DISCUSSION
In this section, results from the theoretical part are exemplified with separations of various polymer standards under varying conditions. The effects of the temperature drop, Furthermore, the run time is defined as the time needed to elute all polymer standards completely, whereas the analysis time is defined as the mean retention time of two polymer fractions of absolute molecular mass. However, analysis time and run time are two closely related parameters and the latter can be seen as the experimental analog of the analysis time. Due to the fact that the run time was kept constant by adjusting of the flow rate, differences in resolution indicate the differences in separation speed when one of the system parameters is altered. Effect of the Channel Thickness and the Temperature Drop. As demonstrated by Giddings et al.,27 and as can be seen from eq 8, the separation speed in ThFFF increases with decreasing channel thickness and increasing temperature drop. Equation 8 also demonstrates that, ultimately, the temperature gradient is the only important instrumental parameter regarding separation speed in ThFFF. The highest temperature gradient ever used in ThFFF is equal to 1.18 K pm-l (w = 5 1 pm and AT = 60 K).27 A further increase has been impeded by instrumental difficulties. The use of a channel thickness below 50 pm requires an extreme smoothness of the channel walls. Higher temperature drops can only be used if the enormous amount of heat can be dissipated more efficiently. It should be noted that the upper limitation to the temperaturegradient is purely of an instrumental nature. Therefore, it is conceivable that a new design of the ThFFF channel could increase the separation speed to some extent.
In Figures 5 and 6 the effect of the temperature drop at constant channel thickness can be seen. Three polystyrene (PS) standards were fractionated in a constant run time using different temperature drops. The fractograms in Figure 5 were obtained with a 127-pm-thick channel, whereas for the fractograms displayed in Figure 6 , a channel thickness of 254 pm was used. The run time was set at 18-20 min. From eqs 1 and 2 it follows that retention increases with the temperature drop. Therefore, for the fractograms obtained at higher I , , , , , , , , , , , , , , , , , temperature drops, higher flow rates had to be used in order to maintain a constant run time. Indeed, Figures 5 and 6 clearly illustrate that an increase in AT (at constant w) is very beneficial for the separation speed in ThFFF. When fractograms 5b and 6a are compared, the effect of decreasing the channel thickness at a constant temperature drop can be assessed. As expected, a significant increase in resolution and, thus, separation speed is obtained with a decrease in w (at constant A7'). However, the theoretical prediction that the separation speed is only determined by the temperature gradient is of course the most interesting one to test. Fractograms Sa and 6a and fractograms Sb and 6b were performed under identical temperature gradients, respectively, 0.16 and 0.3 1 K pm-'. When these fractograms are compared, it can indeed be seen that the separation speed is more or less constant for a given temperature gradient. Although the channel thickness is theoretically an independent parameter (it does not influence the X value), it is in practice coupled to the maximum temperature drop that can be employed. When thin channels are used, the need for efficient heat dissipation limits the maximum temperature drop. Temperature drops up to 158 K have been reported in combination with a channel thickness of 245 pm,31 whereas for a channel thickness of 5 1 pm, only a maximum AT of 60 K could be used.27 Bearing in mind that the temperature gradient is the only instrumental parameter of importance regarding separation speed, one could conclude that a decrease in channel thickness does not bring about any effect. However, there are three important factors which favor a decrease in w rather than a corresponding increase in AT. First, the use of a thinner channel decreases the dilution of the polymer zones in the channel. The increase in dilution with channel thickness is also demonstrated in Figures 5 and 6 . Even though higher sample concentrations were used to obtain the fractograms given in Figure 6 , a lower signal-to-noise ratio was observed compared to that of the fractograms in Figure 5 . Therefore, a decrease in w decreases the detection limit, and lower sample concentrations can be injected. This is an important feature because concentration overload can be a severe problem in ThFFF.32.33 Second, with the use of a thin channel, high temperature gradients are obtained with moderate temperature drops. Therefore, no excessive pressurization of the ThFFF channel is needed to avoid boiling of the organic solvents. Finally, systematic errors in the conversion of retention data into X values, caused by neglecting the temperature dependence of the solvent viscosity and thermal conductivity, will be smaller with the use of lower temperature drops.
Effect of the Molecular Mass. Schimpf and Giddings3 found that the thermal diffusion coefficient is independent of the molecular mass of the polymer for 17 polymer-solvent combinations. As yet, no results have been published which indicate a molecular mass dependence of the thermal diffusion coefficient for other polymer species and solvents. Therefore, only the eff&t of the molecular mass on the molecular diffusion coefficient has to be considered. As can be seen from eq 8, a decrease in molecular diffusion is expected to be beneficial to separation speed in ThFFF. This feature, combined with the fact that ThFFF can be considered as a gentle separation method, makes this technique, in contrast to HDC and SEC, especially suited for the analysis of materials of very high molecular mass."
The effect of the molecular mass on the separation speed in ThFFF is illustrated in Figure 7 . Each of the five fractograms displayed in this Figure corresponds to the separation of two polystyrene standards in THF. The temperature drop was kept constant at 40 K, and the run time was set at 18 min. Note that as a high molecular mass corresponds to a low molecular diffusion coefficient and thus to high retention (see eqs 1 and 2), the flow had to be increased with molecular mass to maintain the run time at 18 min. When the five fractograms are compared it can be noticed that the mean molecular mass of the two standards increases going from a to d, while the ratio of molecular masses is constant (MIAM = 0.77). Because a significant increase in resolution can be observed going from fractogram a to fractogram d, Figure 7 clearly demonstrates that an increase in the (mean) molecular mass of the polymer sample enhances the separation speed in ThFFF. From the theoretical and experimental results, it is expected that the run time would approach zero when ultrahigh molecular mass compounds have to be analyzed. An infinitely small run timecorresponds to an infinitely small X value or, in other words, extremely high retention. To achieve a short run time under high retention conditions, very high flow rates are required. Unfortunately, our treatment breaks down for such extreme conditions. Giddings et al.34 showed that under these circumstances a so-called hyperlayer operation mode is achieved. In this mode, sufficiently high shear gradients lead to polymer chain deformation, and as a result, retention and peak broadening cannot be described by the original equations. However, under these conditions still very high separation speeds were obtained. Effect of the Solvent Choice. Giddings and SchimpP found that the solvent has a profound influence on the thermal diffusion coefficient. Since molecular diffusion is also dependent on the solvent, it can be expected that the chemical nature of the solvent will significantly influence the separation speed in ThFFF. From eq 8 it can be seen that for a given molecular mass it is profitable to have a low molecular diffusion coefficient combined with a high thermal diffusion coefficient. However, as thermal diffusion is still an uncomprehended phenomenon, it is not possible to predict theoretically which solvent can be used best for the ThFFF analysis of a given polymer species. To test whether ThFFF is a suitable technique for the fractionation of a specific polymer type, retention and plate height measurements have to be performed in all possible solvents.
The fact that the choice of the solvent can be an important factor regarding separation speed in ThFFF is demonstrated in Figure 8 . A mixture of three polystyrene standards was fractionated in threedifferent solvents. The channel thickness and temperature drop were constant, and the run time was kept at 19 min. Highest resolution and thus separation speed was found when MEK was used as the solvent; only very poor resolution was found when dioxane was used. Note that in each fractogram the same flow rate was used to obtain a run time of 19 min. This indicates that the retention ratios and, therefore, the X values of the polystyrene standards are comparable. With the use of eq 2, it follows that the ratio of D and & for a polystyrene standard of given molecular mass must be similar in all three solvents. The differences in resolution can be explained from the fact that the specific values of D and &are different in the various solvents. Since the X value at a fixed molecular mass and AT is constant, the selectivity and the parameter x also are constant. As seen in eq 7, an increase in molecular diffusion without altering the X value increases the separation speed in ThFFF. Therefore, it can be concluded that polystyrene displays highest thermal diffusion in MEK and lowest thermal diffusion in dioxane. Schimpf and Giddings3 indeed determined that the thermal diffusion coefficient of polystyrene was higher in MEK (1.39 X lo-' cm2 s-l K-l) than in T H F (1.00 X lo-' cmz s-l K-1).
From Figure 8 it can be concluded that, of the three solvents, MEK is the best choice for the ThFFF analysis of polystyrene samples. However, in most ThFFF experiments involving polystyrene, T H F has been used as the solvent. This is because THF, in contrast to MEK, is UV transparent. So the use of T H F makes it possible to detect the polystyrene samples with an UV detector. The ELSD can be used for almost any solvent and polymer, and as this detector also displays a very high sensitivity, it can be regarded as an essential tool to fully utilize the separation capabilities of ThFFF.
Effect of the Polymer Type. In addition to the chemical nature of the solvent, the composition of the polymer also has a profound influence on the thermal diffusion e f f e~t .~ For a given molecular mass and solvent, molecular diffusion can also differ for different polymer species. The discussion concerning the effect of the solvent choice on the separation speed in ThFFF also applies for the effect of the polymer type. Low molecular diffusion for a given molecular mass and high thermal diffusion will lead to high separation speeds. However, the magnitude of the thermal diffusion effect for a specific polymer-solvent system cannot be predicted and has to be determined empirically. The effect of the polymer composition on the separation speed is demonstrated in Figure 9 . All separations were performed in THF, w was equal to 127 pm, the temperature drop was set at 40 K and, except for polybutadiene, the molecular masses of the standards of the different polymer species were similar. The run time was kept at 18-20 min. The huge differences in resolution indicate the profound influence of the chemical nature of the polymer on the separation speed in ThFFF. When T H F is used as the solvent, it can be seen that only for the analysis of polystyrene and polyisoprene (PI) is a satisfactory separation speed obtained.
For polybutadiene (PB) and poly(tetrahydr0furan) (PTHF) samples, analysis should be performed in a different solvent. For polybutadiene in THF, the separation speed was so low that polymer standards with a higher molecular mass and a larger difference in molecular mass had to be chosen to see any separation at all. Figure 9 demonstrates that, for efficient use of ThFFF, a sufficiently high thermal diffusion coefficient is necessary. In comparison with SEC and HDC, this can be considered as a disadvantage. ThFFF cannot be used for the fractionation of polymer samples that display weak thermal diffusion in all possiblesolvents. The use of ThFFF for the analysis of watersoluble polymers has, for example, always been minimal because very few polymer species show thermal diffusion in aqueous environments.'* However, the fact that retention in ThFFF is also determined by the thermal diffusion coefficient offers unique separation possibilities. As demonstrated by Gundersson and Giddingsls and recently also by our ThFFF can be used for the separation of polymer species which are equal in size but differ in chemical nature. This feature of ThFFF is demonstrated in Figure 10 , which shows the separation of four polymers standards of approximately the same molecular mass but different composition. The diffusion coefficients of (9, and PS 310 000 (4) in benzene, with w = 127 pm, A T = 80 K, To = 303 K, flow rate 0.14 mLlmin, to = PS 580 (0.0033 mg/mL), and polymer concentrations in the range from 0.15 to 0.35 mg/mL. the standards will not be exactly the same in benzene. However, the degree of resolution cannot be fully accounted for by the differences in molecular diffusion and is therefore mainly brought about by differences in thermal diffusion. Although at first it does not seem very useful to separate polymer standards of the same mass but different chemical nature, Figure 10 illustrates a much more important underlying principle. Namely, the fact that ThFFFdata contain chemical and structural information of polymer molecules. In combination with SEC or HDC, the ThFFF analysis of complex polymer samples can produce qualitative information on the chemical structure of such samples. This has already been demonstrated by Schimpf and Giddings? who showed that block and random copolymers display distinct differences in thermal diffusion.
CONCLUSIONS
The performance of a polymer fractionation method can be described effectively by the time optimization method as suggested by Giddings et al.2' Use of this method demonstrates that separation speed in ThFFF depends on many parameters, including the temperature gradient, the molecular mass and chemical nature of the polymer sample, and the choice of the solvent.
As predicted by theory, the separation speed increases with the temperature gradient and the molecular mass of the polymer molecules. As adsorption phenomena are minimal inside the fractionation channel, ThFFF is ideally suited for the analysis of materials of very high molecular mass. The highest temperature gradient ever used in ThFFF is equal to 1.2 Kpm-l, with further increases impeded by theexperimental design of the channel. If an instrument could be designed to achieve higher temperature gradients, an increase in separation speed would be obtained.
Both molecular and thermal diffusion depend on the chemical nature of the solvent and the polymer species. As no theoretical understanding of the thermal diffusion phenomenon exists, the solvent that yields the highest separation speed for the ThFFF fractionation of a given polymer sample has to be determined empirically. It is shown in this study that the separation speed differs greatly for different polymersolvent systems.
Because retention in ThFFF is also determined by the thermal diffusion coefficient, polymer species are not only fractionated according to size but also according to chemical nature. Therefore, qualitative information on the chemical composition of complex polymer samples can be obtained with ThFFF. In this respect, the use of ThFFF in combination with techniques that produce information on polymer size (SEC, HDC, or a multiangle laser light scattering detector) seems promising.
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